ABSTRACT Background: Dietary carbohydrates have been implicated in relation to prostate cancer. Objective: Our objective was to examine the associations between dietary intakes of carbohydrates, fiber, and their food sources and risk of prostate cancer, overall and by case severity, in the Malmö Diet and Cancer cohort. Design: The analysis included 8128 men aged 45-73 y without a history of cancer, cardiovascular disease, or diabetes and who were classified as adequate energy reporters. After a median follow-up time of 15 y, prostate cancer was diagnosed in 817 men. We used Cox proportional hazards regression to model associations between energy-adjusted nutrient and food intakes with risk of incident prostate cancer, with competing risk of death from non-prostate cancer causes taken into account. Results: After adjustment for age and other known or potential risk factors, we observed no associations between total carbohydrates or dietary fiber and prostate cancer. We observed positive associations between the intake of low-fiber cereals with overall and low-risk prostate cancer and between intakes of cake and biscuits and rice and pasta with low-risk prostate cancer (all P-trend , 0.05). A high intake compared with zero consumption of sugar-sweetened beverages was associated with increased risk of symptomatic prostate cancer (HR: 1.38; 95% CI: 1.04, 1.84). Conclusions: Results from this large study with high-validity dietary data suggest that a high intake of refined carbohydrates may be associated with increased risk of prostate cancer. However we observed no significant associations with high-risk prostate cancer, and not all foods that are typically high in refined carbohydrates were associated with prostate cancer.
INTRODUCTION
Prostate cancer has been shown to be affected by genetic factors to a greater extent than many other tumors (1) . However, migration studies and between-country variation in incidence and mortality rates have suggested that lifestyle and environmental factors play an important role (2, 3) . Several dietary factors have been suggested to influence prostate cancer risk, but results are inconclusive because of inherent difficulties in nutrition epidemiology and challenges in understanding prostate cancer cause (4) . Thus, established risk factors for prostate cancer include age, ethnicity, and family history of prostate cancer (2, 5) . Alterations in the insulin and insulin-like growth factor endocrine axis are one mechanism through which diet may influence prostate cancer risk and progression (6, 7) . Both insulin (8) and insulin-like growth factor I (9) stimulate prostate cancer growth in vitro and have been associated with prostate cancer risk in epidemiologic studies (10) (11) (12) (13) . Because one of the most potent stimulants for insulin production is carbohydrate consumption, it has been proposed that diets high in carbohydrates may affect prostate cancer risk. The effect of carbohydrates on blood glucose and insulin concentrations depend on the quantity and the quality of carbohydrates, which can be characterized in part by the content of refined or complex carbohydrates (eg, dietary fiber) (14) . Whole grains are an important source of complex carbohydrates, and a high intake of whole grains is thought to be protective against several cancers (15) ; however, recent studies have suggested that there is no relation between whole grains or dietary fiber and prostate cancer risk (16) (17) (18) . Several reviews have been published on the association between various dietary factors and prostate cancer (19, 20) , but the evidence regarding the role of carbohydrates and their food sources appears inconclusive (4) . Therefore, the objective of this study was to investigate the association between dietary carbohydrates, fiber, and their food sources and risk of prostate cancer in Swedish men participating in the Malmö Diet and Cancer (MDC) 4 cohort.
SUBJECTS AND METHODS

MDC cohort
The MDC cohort is a population-based prospective cohort set in the South of Sweden. In 1991, the source population was ) was defined as weight divided by height squared. Waist circumference (in cm) was measured midway between the lowest rib margin and iliac crest. Information on age was obtained through the Swedish personal identification number, which includes the date of birth. A structured questionnaire that covered socioeconomics, lifestyle, and disease history was completed by the participants. The agreement between the baseline questionnaire and the same questionnaire when repeated after 3 wk was high for most variables (k . 0.75) (23) . Smoking was defined as nonsmokers, exsmokers, or smokers (which included irregular smokers). Educational level was defined according to the number of years of education completed or degree of educational level attained as elementary, primary and secondary, upper secondary, additional education without a degree, or university degree. Total physical activity was obtained by combining work activity (sedentary, moderate, heavy, or very heavy), domestic activity (quartiles of hours of household work), and leisure-time physical activity (quartiles of score). The leisure-time physical activity score was obtained by having participants estimate the number of minutes per week spent on different physical activities for each of the 4 seasons. The leisure-time physical activity score was calculated by multiplying an intensity factor with the duration of each activity. A diabetes diagnosis (yes or no) was based on a self-reported diagnosis or the use of antidiabetic drugs. A history of a cardiovascular event (yes or no) was identified from national and local registries and defined as the occurrence of a myocardial infarction or stroke before study entry. Self-reported information on the country of birth was used to create a variable that indicated birth in Sweden (yes or no). In September 1994, coding routines for the dietary assessment were slightly changed to reduce the interview time (24) . To reduce the potential bias caused by this change and to account for the recruitment of slightly older individuals during the last 2 y of study recruitment, the calendar year of study entry was included as a categorical variable. A categorical variable that indicated the season of data collection (winter, spring, summer, or autumn) was also created. Participants have previously been classified as potential underreporters, adequate reporters, or overreporters of energy intake (28) by using the approach described by Goldberg et al (29) and later refined by Black et al (30) . Individuals with potentially unstable dietary habits were identified according to their response to the questionnaire item "Have you substantially changed your food habits in the past due to illness or other reason?" (31) .
Clinical data and case ascertainment
In this study, we excluded men with cancer (except for nonmelanoma skin cancers) at baseline (n = 485), which resulted in a study population of 10,578 men. The follow-up time was accrued from entry into the study until the date of prostate cancer diagnosis, date of death from any cause, emigration, or end of follow-up (31 December 2009), whichever came first. Incident prostate cancer cases were identified by linkage of personal identification numbers with the Swedish Cancer Register (SCR). Information on vital status of the study population was obtained from the Swedish Cause of Death Registry and the Swedish Tax Agency. In this population, sufficient statistical power (ie, 80% and a = 0.05) to observe a risk gradient of 1-1.75 over quintiles of nutrient intake (given a true risk gradient of 1-3 and a validity coefficient of the dietary variable of 0.6) was reached when 283 cancer cases had accumulated. Because of the high relative validity of dietary data (r . 0.6 for many dietary variables), the power to examine dietary hypotheses was satisfactory. By 31 December 2009, a total of 1016 prostate cancer cases were identified by linkage of the MDC cohort to the SCR. Data on the clinical and histologic characteristics of the tumors were collected from the National Prostate Cancer Register (NPCR). Data on cases (n = 54) that occurred between 1991 and 1995 were manually extracted from medical records by using standard routines. The SCR is known to be $98% complete. A validation of NPCR data from another region showed high validity for all variables, including the variables used in the classification of tumors by case severity in this study (32) . High-risk prostate cancer cases (n = 356) were defined as follows: local clinical tumor stage T3 or T4, the presence of lymph node metastasis (N1) or bone metastasis (M1), a Gleason score $8, or serum prostate-specific antigen (PSA) concentrations .50 ng/mL (33) . Tumors were also classified as high-risk cases if the WHO grade was 3 and the Gleason score was unavailable (n = 6). All other tumors were classified as low-risk cases (n = 651). Clinical data were insufficient for the classification of 9 cases as low-or highrisk cases. In addition, health-conscious men may be prone to attend regular health checks including PSA testing and, thus more likely to be diagnosed with prostate cancer at an early stage. This health-conscious behavior may cause a potential bias when associations between diet and prostate cancer are investigated. Therefore, we also investigated symptomatic cases (defined as men who presented with lower urinary tract symptoms or other malignancy-related symptoms) separately (n = 469).
Statistical analysis
Differences in characteristics of the study population across quintiles of energy-adjusted carbohydrate intakes were tested by using ANOVA and the chi-square test. Food and nutrient variables were energy adjusted by regressing the intake (log etransformed, dependent variable) on the total energy intake (log e -transformed, independent variable), and the individuals were divided into quintiles depending on their residual rankings (34) . A small number (0.01) was added to handle zero intakes before log transformation when the proportion of participants with a zero intake was less than 20%. Individuals with the lowest intake (ie, first quintile) were used as the reference category. When .20% of participants reported a zero intake of a food or food group, these individuals were categorized as zero consumers ,and the remaining individuals were divided into tertiles according to their energy-adjusted intakes. Individuals with zero intakes were used as the reference category. For the main analyses, we excluded men previously classified as potential energy misreporters and men with previous history of cardiovascular disease or diabetes at baseline (n = 2450), which resulted in a study population of 8128 men. Analyses of the association between dietary variables and prostate cancer were based on the Cox proportional hazards model. To ensure that the estimation procedure was based on comparison of individuals at the same age, we used age as the time scale (35) . Study entry was defined as the age at baseline, and study exit was defined as the age at the end of follow-up. The proportional hazards assumption was evaluated graphically and tested by using scaled Schoenfeld's residuals. HRs and 95% CIs were estimated for total, low-risk, high-risk, and symptomatic prostate cancers. We selected a priori potential confounders, including known or suspected risk factors for prostate cancer diagnosis. Multivariate models were adjusted for the calendar year of study entry (categorical), season of data collection (categorical), and the following potential prostate cancer risk factors: total energy intake (log e -transformed kcal; continuous), height (cm; continuous), waist (cm; continuous), physical activity (categorical), smoking (categorical), educational level (categorical), and birth in Sweden (categorical). Because of limited evidence on the role of most dietary factors in prostate cancer development (4) and the high colinearity between dietary factors, the multivariate analysis included adjustment for calcium (quintiles of energyadjusted intake; categorical), selenium (quintiles of energyadjusted intake; categorical), and alcohol (quintiles of energy adjusted intake; categorical). Because the inclusion of dietary confounders did not greatly affect risk estimates, only the full multivariate model that included these dietary covariates is presented. To test for linear trends in risk of prostate cancer, quintile ranks of explanatory variables were included as continuous predictors. We used Wald's statistic (36) to evaluate whether linear associations differed by case severity (low compared with high risk). To evaluate the potential effect of competing risks on the observed results, the multivariate model was also used for competing risk regression, whereby all deaths from causes other than prostate cancer (n = 1347) were considered competing events. An additional sensitivity analysis excluded men who reported a substantial past food-habit change. Stata/SE 12.0 software for Windows (StataCorp LP) was used for all statistical analyses. All tests were 2-sided, and P , 0.05 was considered statistically significant.
RESULTS
Study population
The study included 1016 cases of prostate cancer that was diagnosed between April 1992 and December 2009. The median follow-up time (10th-90th percentile) was 14.9 (range: 5.7-17.6) y. Baseline characteristics of the study population are shown by quintiles of energy-adjusted carbohydrate intake in Table 1 . The median daily intake of total carbohydrates ranged from 214 g in the lowest quintile to 325 g in the highest quintile. Men with a higher total carbohydrate intake were slightly older, were shorter, had lower BMI and waist circumference, and were more likely to be nonsmokers and physically active than were men with a lower intake. Diabetes was less common in men with a higher intake of carbohydrates, whereas having a history of cardiovascular disease was more common, than in men with a lower intake. Total carbohydrate intake correlated positively with intakes of total selenium (r = 0.33) and calcium (r = 0.53) and inversely with alcohol (r = 20.10).
Dietary intakes and risk of prostate cancer
For the main analysis, men classified as potential energy misreporters and men with diabetes or previous cardiovascular illness at baseline were excluded (Tables 2 and 3). No significant associations were seen for total carbohydrates, dietary fiber, whole grains, vegetables, fruit and berries, high-fiber bread, and fruit juices. In the multivariate model, a high intake of cake and biscuits was associated with increased risk of low-risk prostate cancer (P-trend = 0.044), and risk estimates and the trend across quintiles was strengthened in the competing risk model (P-trend = 0.034). The positive association was not seen for high-risk prostate cancer, but there was no significant heterogeneity by case severity (low compared with high risk; P-heterogeneity = 0.828). A high intake of low-fiber cereals was associated with increased risk of total (P-trend = 0.034) and low-risk (P-trend = 0.013) prostate cancer, and the results were further strengthened in the competing risk model. No association was seen with high-risk prostate cancer risk (P-heterogeneity = 0.885). In addition, a high intake of rice and pasta was associated with increased risk of lowrisk prostate cancer (HR: 1.33; 95% CI: 1.04, 1.70; P-trend = 0.044). Increased risk remained in the competing risk model; however, the trend was only borderline significant (P = 0.051). No association was seen with high-risk prostate cancer (P-heterogeneity = 0.844).
Significantly increased risk of symptomatic prostate cancer was seen for a high intake of sugar-sweetened beverages (HR: 1.41; 95% CI: 1.06, 1.88; P-trend = 0.050). This association was slightly attenuated in the competing risk model, and the trend was no longer significant (P = 0.066). We also observed that a very low intake of monosaccharides (quintile 1 compared with quintiles 2-5) was associated with decreased risk of symptomatic prostate cancer (HR: 0.69; 95% CI: 0.48, 0.97). When men classified as energy misreporters and with comorbidities at baseline (cardiovascular disease or diabetes) were included, associations seen were similar but attenuated (data not shown). The exclusion of men who reported a past food-habit change did not substantially change the results (data not shown). In addition, the inclusion of additional potential dietary confounders did not affect observed associations.
DISCUSSION
Overall, results from this study suggest that relative intakes of total carbohydrates and dietary fiber are not associated with prostate cancer risk. However, the quality of carbohydrates, as indicated by the increased risk seen with high intakes of certain foods that are high in refined carbohydrates (ie, cakes and biscuits, low-fiber cereals, rice and pasta, and sugar-sweetened beverages), may be associated with incident prostate cancer. Although we observed no significant heterogeneity by case severity, most of the observed associations were Quintiles of energy-adjusted intake are shown. Men classified as potential energy misreporters and men with a history of cardiovascular disease or diabetes diagnosis at baseline were excluded from the analysis. All P-trend values were obtained by treating categories of intake as a continuous variable. Model 1 was estimated by using Cox proportional hazards regression with age as the time metric. Model 2 was estimated as for model 1 and adjusted for year of study entry (categorical), season of data collection (summer, spring, autumn, or winter), energy intake (kcal/d), height (cm), waist (cm), physical activity (quartiles of score), smoking (nonsmoker, former smoker, or current smoker), educational level (elementary, primary and secondary, upper secondary, additional education without a degree, or university degree), birth in Sweden (yes or no), alcohol (quintiles of energy-adjusted intake), calcium (quintiles of energy-adjusted intake), and selenium (quintiles of energy-adjusted intake). Model 3 was estimated and adjusted as for model 2 and with competing risk by death from all causes except prostate cancer taken into account.
TABLE 3
Association of extreme categories of food intakes with prostate cancer risk in men (n = 8128) in the Malmö Diet and Cancer cohort (1991-2009) Men with zero intake were compared with men in the highest tertile of energy-adjusted intake. Men classified as potential energy misreporters and men with a history of cardiovascular disease or diabetes diagnosis at baseline were excluded from the analysis. All P-trend values were obtained by treating categories of intake as a continuous variable. Model 1 was estimated by using Cox proportional hazards regression with age as the time metric. Model 2 was estimated as for model 1 and adjusted for year of study entry (categorical), season of data collection (summer, spring, autumn, or winter), energy intake (kcal/d), height (cm), waist (cm), physical activity (quartiles of score), smoking (nonsmoker, former smoker, or current smoker), educational level (elementary, primary and secondary, upper secondary, additional education without a degree, or university degree), birth in Sweden (yes or no), alcohol (quintiles of energy-adjusted intake), calcium (quintiles of energy-adjusted intake), and selenium (quintiles of energy-adjusted intake). Model 3 was estimated and adjusted as for model 2 and with competing risk by death from all causes except prostate cancer taken into account.
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HR; 95% CI in parentheses (all such values).
CARBOHYDRATES AND PROSTATE CANCER seen for low-risk prostate cancer, and only sugar-sweetened beverages were associated with symptomatic prostate cancer. The null associations seen in this study for dietary fiber and whole grains were in line with recent reports (16) (17) (18) . However, clinical and animal studies have suggested that dietary fiber or whole grains may play a role in prostate cancer progression. Landberg et al (37) showed that whole grain and bran from rye resulted in significantly lower plasma PSA than did a cellulosesupplemented refined wheat diet in patients with prostate cancer. In addition, it has been shown that rye bran delayed growth and increase apoptosis in prostate tumors in animal studies (38) . Although several studies suggested possible adverse effects (primarily increased tumor growth and reduced apoptosis of prostate cancer cells) of an increased carbohydrate consumption on prostate cancer, most evidence has stemmed from small preclinical studies (39) (40) (41) . Epidemiologic studies that investigated the association between dietary carbohydrates and prostate cancer risk have generally shown no significant associations (42, 43) . Two case-control studies showed a positive association between high glycemic foods and risk of prostate cancer (44, 45) , and one case-control study showed a positive association with the intake of starch (46) . However, several prospective cohort studies have shown no association between glycemic index or load and prostate cancer risk (17, 42) . We showed that some, but not all, foods high in refined carbohydrates were associated with prostate cancer (primarily low-risk prostate cancer). Although no association was seen with total carbohydrates or sucrose, high intake of sugar-sweetened beverages was shown to be associated with w40% increased risk of symptomatic prostate cancer in our study population. A tendency for increased risk was also seen with a high intake of monosaccharides; however, this result was only significant when very low intakes (quintile 1) were compared with higher intakes (quintiles 2-5), which possibly indicated a potential threshold value.
There is a possibility that men with a more health-conscious behavior, including higher intakes of dietary fiber, whole grains, and fruit and vegetables, are exposed to a higher degree of diagnostic intensity, such as PSA testing (4, 47) . Although the actual prevalence has not been quantified, there is strong, indirect evidence that the use of PSA testing is increasing in Sweden after having been introduced during the early 1990s (48, 49) . Some of this bias may be reduced by the adjustment for age and the calendar year of entry into the study. Because the use of PSA testing on nonsymptomatic men may vary by region, it is a strength that our study population was restricted to a specific region (ie, Malmö, Sweden), and thus, the bias from varying local and regional policy regarding prostate cancer screening was minimized (48) . In addition, with data from the NPCR, we were able to investigate symptomatic tumors separately. To reduce the potential effect of a detection bias, we adjusted all analyses for several markers of health-conscious behaviors (eg, educational level, physical activity, smoking, and alcohol consumption). Also, because prostate cancer develops later in life, men with poor dietary habits are more likely to die of other causes before being diagnosed with prostate cancer (50) . It is possible that the effect of dietary factors on prostate cancer incidence seen in epidemiologic studies may be an effect of competing risk if these dietary factors are related to comorbidities associated with early death. In this study, the taking into account of competing risk of causes of death other than prostate cancer had only a minor effect on observed associations.
Strengths of this study include the prospective design, large number of prostate cancer cases, complete and valid identification of prostate cancer cases through the SCR, and virtually no loss to follow-up. In addition, a major strength of the study was the dietary data with high relative validity and the ability to exclude individuals who were likely to have misreported energy intakes. Although this exclusion could have caused a potential reduction in power (especially for high-risk prostate cancer), the strengthened results seen after this exclusion highlighted the difficulties in dealing with self-reported dietary data. Few cohort studies have the possibility of excluding individuals who are likely to be misreporting energy intake. Because the measurement error for dietary data tends to attenuate associations toward the null, the associations we saw may, in reality, have been stronger, and the null results may have been due to random measurement error and an insufficiently large range in intake between individuals. Because of multiple testing, there wa a possibility that the findings of this study were due to chance; however, we did observe a pattern of increased risk with high intakes of refined carbohydrates as seen with several food groups. In addition, because of the observational nature of this study, there is always the possibility that the observed associations were due to some unmeasured confounders, but residual confounding by the covariates we adjusted for was unlikely because of the similar results in age-adjusted and multivariate analyses. Because dietary components are highly correlated, adjustment for other nutrients or foods may bias (if prone to measurement error) or attenuate results. Therefore, in our analyses, we limited the number of dietary covariates, although the inclusion of other potential dietary confounders (eg, red and processed meat, fish, and dietary fat) had no effect on the observed associations. There is increasing awareness that localized and low-grade prostate cancer tumors may have different causes than those of advanced and high-grade tumors (51) . This study separated high-risk prostate cancer cases (advanced and/or aggressive) from low-risk prostate cancer. However, the power of this subgroup analysis was reduced by the smaller number of high-risk cases. In a larger population, additional subclassification of tumors according to stage and grade might help clarify some associations.
In conclusion, we observed no association between relative intakes of total carbohydrates, dietary fiber, or fiber-rich foods such as whole grains with risk of prostate cancer in this prospective study of Swedish men. Although results were not significant for high-risk prostate cancer, our findings suggest that high intake of foods typically high in refined carbohydrates (including cakes and biscuits, low-fiber cereals, rice and pasta, and sugar-sweetened beverages) may increase risk of this disease. Because of the heterogeneous nature of prostate cancer and limited power to investigate tumors by stage and grade, results of this study should be interpreted with caution.
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